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Abstract 
Forest monkeys often form semi-permanent mixed-species associations to increase group-size related anti-predator benefits 
without corresponding increases in resource competition. In this study, we analysed the alarm call system of lesser spot-
nosed monkeys, a primate that spends most of its time in mixed-species groups while occupying the lowest and presumably 
most dangerous part of the forest canopy. In contrast to other primate species, we found no evidence for predator-specific 
alarm calls. Instead, males gave one general alarm call type (‘kroo’) to three main dangers (i.e., crowned eagles, leopards 
and falling trees) and a second call type (‘tcha-kow’) as a coordinated response to calls produced in non-predatory contexts 
(‘boom’) by associated male Campbell’s monkeys. Production of ‘kroo’ calls was also strongly affected by the alarm calling 
behaviour of male Campbell’s monkeys, suggesting that male lesser spot-nosed monkeys adjust their alarm call production 
to another species’ vocal behaviour. We discuss different hypotheses for this unusual phenomenon and propose that high 
predation pressure can lead to reliance on other species vocal behaviour to minimise predation.
Significance statement
Predation can lead to the evolution of acoustically distinct, predator-specific alarm calls. However, there are occasional 
reports of species lacking such abilities, despite diverse predation pressure, suggesting that evolutionary mechanisms are 
more complex. We conducted field experiments to systematically describe the alarm calling behaviour of lesser spot-nosed 
monkeys, an arboreal primate living in the lower forest strata where pressure from different predators is high. We found evi-
dence for two acoustically distinct calls but, contrary to other primates in the same habitat, no evidence for predator-specific 
alarms. Instead, callers produced one alarm call type (‘kroo’) to all predator classes and another call type (‘tcha-kow’) to 
non-predatory dangers, but only as a response to a specific vocalisation of Campbell’s monkeys (‘boom’). The production 
of both calls was affected by the calling behaviour of Campbell’s monkeys, suggesting that lesser spot-nosed monkey vocal 
behaviour is dependent on the antipredator behaviour of other species. Our study advances the theory of interspecies inter-
actions and evolution of alarm calls.
Keywords Polyspecific association · Predation · Acoustic analyses · Playback experiments · Vocal communication · 
Cercopithecus petaurista
Introduction
A robust finding in animal behaviour research is that many 
social species produce acoustically distinct alarm calls to 
different predators. In primates, the phenomenon has first 
been studied systematically in East African vervet monkeys 
(Cercopithecus aethiops) with evidence for acoustically 
distinct alarm calls to martial eagles, leopards and pythons 
(Struhsaker 1967) and corresponding, adaptive anti-predator 
responses in listeners (Seyfarth et al. 1980). Similar findings 
have been reported in a range of other species, such as Diana 
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monkeys (Cercopithecus diana, Zuberbühler et al. 1997), 
Campbell’s monkeys (Cercopithecus campbelli, Zuberbüh-
ler 2001), putty-nosed monkeys (Cercopithecus nictitans, 
Arnold and Zuberbühler 2006), sooty mangabeys (Cer-
cocebus atys, Range and Fischer 2004), lemurs (Eulemur 
fulvus rufus and Propithecus verreauxi, Fichtel and Kap-
peler 2002), meerkats (Suricata suricatta, Manser 2001) and 
many bird species (Suzuki 2012; Grieves et al. 2014; Cun-
ningham and Magrath 2017). In some animal species, callers 
respond to dangers with complex series of alarm calls that 
encode information at the sequence level (Schel et al. 2010). 
For example, black-fronted titi monkeys (Callicebus nigri-
frons) produce two types of alarm calls in long sequences 
that refer to both predator type and location (Berthet et al. 
2019), a phenomenon also found in non-primate species 
(meerkats, Rauber 2020; Japanese great tits (Parus major), 
Suzuki 2014; pied babblers (Turdoides bicolor), Engesser 
et al. 2016). In some species, predator alarm calls strongly 
resemble aggressive calls given to conspecifics, suggesting 
that listeners consider contextual information to infer the 
cause of an event (titi monkeys, Cäsar et al. 2012; lemurs, 
Fichtel and Kappeler 2002; Fichtel and van Schaik 2006; 
saddleback tamarins (Saguinus fuscicollis), Kirchhof and 
Hammerschmidt 2006; vervet monkeys, Price et al. 2015).
Alarm calls are usually an integral part of a more general 
anti-predator strategy, such as mobbing behaviour (Baker 
and Becker 2002; Graw and Manser 2007; Griesser 2009; 
Templeton 2005), predator deterrence (Caro 1986; Zuber-
bühler et  al. 1999) or cryptic behaviour (Shalter 1978; 
Klump et al. 1986), and they can also play an important 
role in mixed-species associations (Magrath et al. 2015). In 
forest primates, for example, different species can assemble 
in large mixed-species groups, which increases the number 
of sentinels in visually difficult habitats beyond the species-
specific group size limits (Cords 1990; Wolters and Zuber-
bühler 2003). Presumably, individuals of mixed-species 
associations know each other individually, not only within 
but also between species, and there is solid evidence that 
they understand each other’s alarm calls (Zuberbühler 2000, 
2002; Rainey et al. 2004; Candiotti et al. 2012; Coye et al. 
2015; Magrath et al. 2015).
In primates, mixed-species groups are often semi-perma-
nent (Struhsaker 1981; Mitani 1991; Chapman and Chapman 
1996, 2000), which is facilitated by the fact that different 
species exploit unique niches and thus minimize interspecies 
competition (Buzzard 2010). In the Taï Forest (Ivory Coast), 
up to eight monkey species regularly form mixed-species 
associations (McGraw et al. 2007). Amongst them, Diana 
monkeys typically forage in the highest canopy parts with 
a fruit-rich diet, whereas Campbell’s monkeys have a more 
generalist diet and exploit levels below the main canopy 
while lesser spot-nosed monkeys (Cercopithecus petaurista) 
prefer foliage in the lower levels with a large proportion of 
leaves in their diet (McGraw 2000; Wolters and Zuberbüh-
ler 2003; Kane and McGraw 2017; McGraw and Daegling 
2020). These three guenon species spend the majority of 
their time in association (75–88%, Buzzard 2010).
Although all Taï Forest monkeys suffer from predation 
by chimpanzees (Pan troglodytes), leopards (Panthera par-
dus), crowned eagles (Stephanoaetus coronatus) and humans 
(Boesch and Boesch 1989; Jenny 2005), foraging close to 
the ground is probably most dangerous due to high risks of 
sudden and close predator encounters (Mourthé et al. 2007). 
Even attacks from aerial predators are common in the lower 
strata of the canopy, as crowned eagles have been observed 
waiting for approaching monkeys within the canopy in order 
to launch themselves onto individuals passing underneath 
(Shultz 2008).
While polyspecific associations provide well-docu-
mented antipredator benefits (see Stensland et al. 2003 for 
review), they also require compromising in travel and time 
budget (Heymann 2011) and coordination in anti-predator 
responses, including alarm calling (Suzuki 2016), a poten-
tially costly behaviour that attracts attention to the caller 
(Sherman 1977; Goodale et al. 2019). This is especially 
true for male forest guenons that have evolved loud alarm 
calls that transmit over long distances in dense vegetation, 
presumably due to a secondary, sexually selected function 
of dissuading sexual rivals (Zuberbühler 2004). This leads 
to the prediction that male forest monkeys should econo-
mise their alarm calling efforts whenever possible. Indeed, 
in Diana monkeys, males wait to produce their alarm calls 
until the females have started giving predator-specific alarm 
calls (Stephan and Zuberbühler 2016). Similarly, in Thomas 
langurs (Presbytis thomasi), males stop giving alarm calls 
as soon as other group members have responded with their 
own alarm calls (Wich and de Vries 2006), demonstrating 
that male alarm calling can be socially coordinated and that 
callers try to economise call production.
Whether similar social dynamics take place in mixed-
species associations has, to our knowledge, never been sys-
tematically investigated. In this study, we focus on lesser 
spot-nosed monkeys and their most frequent association 
partners in the Taï Forest, Campbell’s monkeys (McGraw 
et al. 2007). Both species are arboreal and live in groups of 
one fully adult male and several adult females with their off-
spring (Rowe 1996). Both are comparably cryptic primates 
that are difficult to locate because of their inconspicuous col-
oration as well as their very soft and infrequent contact calls, 
a likely adaptation to their foraging niche in the lower forest 
strata (McGraw et al. 2007). Overall, this cryptic lifestyle 
appears to provide both species with a considerable adaptive 
advantage, especially in dealing with hunting pressure from 
chimpanzees and humans (Boesch and Boesch 1989; Boesch 
1994; Covey and McGraw 2014). Indeed, both species are 
less threatened by extinction than the more conspicuous 
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Western red colobus (Piliocolobus badius) and Diana mon-
keys, which suffer from intense levels of human poaching 
and are IUCN-listed as endangered (Matsuda Goodwin et al. 
2017, 2019; Koné et al. 2019; McGraw et al. 2020).
Lesser spot-nosed monkey anti-predator strategies have 
received little attention in the literature so far. When dis-
turbed by human presence, males produce head-bob displays 
and a purring alarm call, in response to which females and 
offspring retreat (McGraw 2000; Rowe 1996). Early reports 
have suggested that male alarm calls contain subtle, context-
specific acoustic variability (Kambiré 2015; Kouassi 2008), 
similar to what has been described for Barbary macaque 
(Macaca Sylvanus) or chamca baboon (Papio cynocephalus 
ursinus) alarm calls (Fischer et al. 2001, 2010). Meaning-
ful acoustic variations have also been reported in other spe-
cies’ alarm calls, such as Siberian jay (Perisoreus infaustus) 
alarm calls to different predator behaviours (perched, search-
ing or attacking hawks; Griesser 2008), titi monkey alarm 
calls to different predator locations (Berthet et al. 2019), 
black-capped chickadee (Poecile atricapillus) alarm calls 
to different predator sizes (Templeton 2005) and meerkat, 
Campbell’s monkey and blue monkey (Cercopithecus mitis) 
alarm calls to different event urgencies and predator types 
(Lemasson et al. 2010; Townsend et al. 2012; Murphy et al. 
2013).
Field observation from McGraw et al. (2007) suggested 
that lesser spot-nosed monkeys produce a loud call in direct 
response to Campbell’s monkey ‘boom’, a short and low-
pitched call produced by the air-sacs typically in pairs, usu-
ally in non-predatory contexts such as falling trees, group 
movements or neighbouring encounters (Zuberbühler 
2002; Ouattara et al. 2009a). However, the function of this 
behaviour remains unknown. Oates (1985) described a loud 
call from a male lesser spot-nosed monkey as a “…loud, 
explosive burst of broad-band energy, followed by a train of 
quieter, low-pitched (energy concentrated around 0.6 kHz), 
closely-spaced ‘urr’ units” (p. 32). Aside from such anecdo-
tal information, lesser spot-nosed monkey vocal behaviour 
has not yet been explored systematically, in contrast to the 
other Taï guenons (Zuberbühler et al. 1997; Eckardt and 
Zuberbühler 2004; Ouattara et al. 2009b; Schlenker et al. 
2016).
We used playback experiments to document male lesser 
spot-nosed monkey vocal responses when encountering 
three types of dangers: eagles, leopards and falling trees. 
Specifically, we investigated whether male vocal responses 
held acoustic differences (i.e., whether there were context-
specific alarm calls or call variants) and whether there was 
variation in the effort of production (number of calls, rate, 
latency) according to the type of danger encountered. We 
also analysed whether Campbell’s monkey alarm calling 
behaviour influenced the call production effort of lesser spot-
nosed monkey. Finally, we explored male lesser spot-nosed 
monkey vocal response to three Campbell’s monkey alarm 




The study was conducted in the Taï National Park (Ivory 
Coast), about 25 km southeast of the town of Taï. Data were 
collected in an approximately 50  km2 study area surround-
ing the ‘Centre de Recherche en Ecologie’ (5° 50′ N, 7° 21′ 
W) field station by KZ (1994–2002) and by ALF during a 
second field period (July–December 2017).
Data collection and materials
Data collection consisted of eliciting and recording alarm 
calls in mixed-species groups of monkeys by simulating 
natural disturbances with different playback stimuli. We 
analysed the vocal responses of male  lesser spot-nosed 
monkeys, a species that lives in small groups with stable 
home ranges of about 0.7  km2 (McGraw et al. 2007). Like 
other Taï monkeys, lesser spot-nosed monkeys are hunted 
by crowned eagles, leopards, chimpanzees and humans 
(McGraw and Zuberbühler 2008). Non-predatory dangers 
are accidental bites by stationary snakes (Foerster 2008), 
such as Gaboon vipers (Bitis gabonica) that usually feed 
on smaller prey (Penner et al. 2008), falling trees or large 
branches (Vooren 1986) and occasional lightning strikes, 
which can lead to fatalities in primates and other animals.
We located mixed-species groups, mainly by listening 
to the conspicuous vocalisations of Diana monkeys. We 
recorded their location (GPS coordinates with a Garmin 
GPS map 62 s or estimated position on a customised grid 
map; see Online Resource 1, Fig. S1) and monitored their 
vocal behaviour for up to 30 min to ensure that no alarm 
calls were given while approaching to about 25–50 m (out-
side visual range). To keep data points independent, we took 
into account the home range of lesser spot-nosed monkeys 
(approximately 0.7  km2; McGraw et al. 2007) and the natural 
occurrence of leopard and crowned eagle encounters, male 
Campbell’s monkey alarm calling and falling tree events 
(Vooren 1986; Zuberbühler and Jenny 2002; McGraw et al. 
2007). Based on these data and considerations, we only con-
sidered trials if groups were located at least 950 m (GPS 
location) or 1200 m (grid map) apart and if trials with the 
same stimulus were separated by at least 30 days.
Vocal responses were elicited by simulating the pres-
ence of danger, i.e., by playing back 14 s of crowned eagle 
shrieks, 14 s of leopard growls or 7 s of the thundering sound 
of a falling tree. Campbell’s monkey playbacks consisted of 
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series of ‘krak’ alarms (produced in the presence of a leop-
ard), ‘hok’ alarms (produced in the presence of an eagle), 
or ‘boom’ calls (produced in non-predatory contexts such as 
falling trees) (Ouattara et al. 2009a). See Online Resource 1, 
Table S1 for details on playback stimuli. Campbell’s monkey 
playbacks of ‘krak’, ‘hok’ and ‘boom’ series were used to 
provoke matching alarm call responses in Diana monkeys 
(Zuberbühler 2000, 2002), suggesting that their meanings 
can be transmitted across species. It was not possible to 
record data blindly because our study involved animals in 
the field.
ALF played back sounds from an iPhone 3GS con-
nected to an Alpha speaker (AER, The Acoustic People; 
frequency range 60–18,000 Hz). KZ played back sounds 
from a Sony WMD6C Professional Walkman connected 
to a Nagra DSM speaker-amplifier (frequency response 
60–15,000 Hz ± 4 dB). Vocalisations were tape-recorded 
with a Sony TCM5000EV cassette recorder and a Sen-
nheiser ME88 or ME67 directional microphone (frequency 
response, 40–20,000 Hz ± 2.5 dB; KZ) or a Marantz 661 
solid-state recorder (44.1 kHz sampling rate, 16 bits accu-
racy, WAV format) and a Sennheiser ME67 directional 
microphone (frequency response, 40–20,000 Hz ± 2.5 dB; 
ALF). Prior to analysis, all cassette recordings were digitised 
(44.1 kHz sampling rate, 16 bits accuracy, WAV format) 
with Audacity 2.1.0 using a TASCAM CD-A500 and a Tech-
nics M280 cassette player connected via a 3.5 mm jack to 
2 × RCA phono stereo audio cable to a desktop computer.
Call coding
We analysed the vocalisations produced during the 2 min 
following an eagle, leopard or falling tree playback to 
explore the overall response pattern of male lesser spot-
nosed monkeys. Regarding playbacks of Campbell’s monkey 
alarm calls, we investigated the males’ immediate responses, 
i.e., vocalisations produced during the first 30 s following 
playbacks. In addition, we recorded any naturally occurring 
lesser spot-nosed and Campbell’s monkeys male alarm calls 
to support the call classification analyses and for graphical 
representations (see Online Resource 1, Table S2).
Male lesser spot-nosed and Campbell’s monkeys’ vocal 
responses were coded by ALF using the acoustic software 
Raven Pro 1.5.0 (FFT size 1024, Hann window, hop size 
6.96 ms). For lesser spot-nosed monkeys, we discriminated 
three main call types, ‘kroo’, ‘tcha’ and ‘kow’, by visual 
inspection of spectrograms and by ear. Campbell’s monkey 
vocal responses to playbacks were coded using spectrograms 
and audio samples from previous studies (Zuberbühler 2001; 
Ouattara et al. 2009a, b). For each call, ALF coded the call 
type, start and end time, quality (good/bad, depending on 
interference and background noise), species identity (lesser 
spot-nosed or Campbell’s monkeys) and trial ID. A second 
observer (QG) recoded 20% of the lesser spot-nosed monkey 
vocal dataset and confirmed the reliability of these classifi-
cations (Cohen’s Kappa, k = 0.85; ‘irr’ R package v0.84.1; 
Gamer et al. 2019).
Raven Pro 1.5.0 was set to automatically extract acoustic 
parameters after ALF manually selected calls by inspect-
ing their spectrograms (see Kershenbaum et al. 2016). The 
following acoustic parameters were extracted for both male 
lesser spot-nosed and Campbell’s monkeys: delta time (i.e., 
call duration in s), average entropy (i.e., the amount of dis-
order for a typical spectrum slice of a call in bits), aggre-
gate entropy (i.e., the overall disorder of a call in bits), peak 
frequency (i.e., the maximum frequency measured on a call 
in kHz), peak time relative (i.e., the relative position of the 
peak frequency on a call (measure between 0 and 1)), low 
frequency (i.e., the lowest frequency of a call in kHz), high 
frequency (i.e., the highest frequency of a call in kHz), delta 
frequency (i.e., the frequency range between ‘low frequency’ 
and ‘high frequency’ in kHz) and centre time relative (i.e., 
the relative position of the point where a call is divided into 
two parts of equal energy (measure between 0 and 1)).
For the subsequent call classification, we selected only 
good quality calls (i.e., free of interference and with low 
background noise). We replaced outliers by the means 
(for details on outlier identification and sample sizes, see 
Online Resource 1, Table S3). We then removed highly cor-
related acoustic parameters (Pearson correlation test; coef-
ficient > 0.8) and kept the following ones: delta time, average 
entropy, peak time relative, peak frequency, low frequency, 
high frequency and centre time relative. All non-correlated 
acoustic parameters were standardized prior to analysis.
Call classification
We carried out a permutated discriminant function analysis 
(pDFA; R function by Roger Mundry, based on the lda func-
tion of the ‘MASS’ R package version 7.5–53; Venables 
and Ripley 2002; Mundry and Sommer 2007) to check the 
classification in the three attributed call types (i.e., ‘kroo’, 
‘tcha’, ‘kow’) with call type as test variable and the trial ID 
as control factor (pDFA1). The pDFA allows to control for 
the non-independence of data due to repeated measurements 
(i.e., control factor), unlike conventional DFAs, and is now 
commonly used for acoustic analyses of animal vocal reper-
toires (e.g., Collier et al. 2020; Keenan et al. 2020). We also 
analysed inter-individual variation by running another pDFA 
(pDFA2) on N = 6 different males (i.e., six different trials, 
selected based on home range estimates and time of record-
ing; see Online Resource 1, Table S4), who produced a 
minimum of 22 ‘kroo’ calls of good acoustic quality (range: 
22–55 calls). For this analysis, we used the trial ID as the 
test variable and the playback stimulus as a control factor 
(i.e., type of danger or type of Campbell’s monkey calls; see 
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Online Resource 1, Table S4). The two call types ‘tcha’ and 
‘kow’ were almost always given as combinations consisting 
of one ‘tcha’ followed by one ‘kow’ (mean time interval 
between two calls = 0.09 s, SD = 0.04 s, range = 0.02–0.19 s). 
We recorded a total of N = 90 combinations of ‘tcha’ fol-
lowed by ‘kow’, N = 4 single ‘tcha’, and N = 9 single ‘kow’, 
so we decided to analyse them as one combined call (i.e., 
‘tcha-kow’). Single ‘tcha’ and ‘kow’ were produced across 
contexts and, due to small sample sizes, we were unable to 
investigate their production further in this study.
Responses to dangers
To test if ‘kroos’ contained subtle, context-specific acous-
tic variation, we first explored whether this alarm call type 
could be discriminated depending on the type of danger. We 
ran a pDFA (pDFA3) with the ‘kroos’ produced in response 
to the leopard growls (N = 160 ‘kroos’ over N = 12 playback 
trials), eagle shrieks (N = 60 ‘kroos’ over N = 4 playback tri-
als) and falling trees (N = 120 ‘kroos’ over N = 5 playback 
trials). To avoid ambiguity, we only considered playback 
trials without Campbell’s monkey vocal response. We used 
the type of danger (leopard/eagle/tree) as test variable and 
the trial ID as control factor.
We ran several generalized linear models (GLMs) to 
explore the effects of playback stimuli (i.e., leopard, eagle, 
falling tree) and Campbell’s monkey vocal responses on 
lesser spot-nosed monkey call production. For the follow-
ing GLMs (GLM1 to 5), we used the interaction between the 
type of danger (leopard/eagle/falling tree) and the Camp-
bell’s monkey vocal responses (yes/no) as test variables. 
We first tested the response probability by running a GLM 
(GLM1) with a binomial error structure and logit link func-
tion, with the vocal response (yes/no) as response variable. 
We then analysed the production of the specific call types 
(‘kroo’ and ‘tcha-kow’) and thus only considered trials with 
vocal responses to test which call type was produced first. 
We tested this by running a GLM (GLM2) with a binomial 
error structure and logit link function, with the first call 
type (‘kroo’/‘tcha-kow’) as response variable. Since ‘kroos’ 
were produced in all contexts, we explored what factors 
determined calling effort. We tested this by running a GLM 
(GLM3) with a negative binomial error structure and a log 
link function, with the  total number of ‘kroo’ produced 
during the trial as response variable. For this analysis, we 
excluded trials where the male Campbell’s monkey started 
to vocalise after the male lesser spot-nosed monkey pro-
duced his first ‘kroo’ to avoid ambiguity. In another GLM 
(GLM4) with a gamma distribution and inverse link func-
tion, we analysed the initial call rate (three first ‘kroos’ per 
time in s) as response variable. Here again, we excluded 
trials where the male Campbell’s monkey started to vocalise 
between the male lesser spot-nosed monkey first and third 
‘kroo’ to avoid ambiguity during call production. In a final 
GLM (GLM5) with a gamma distribution and inverse link 
function, we analysed the response latency (s) as response 
variable, determined as the time interval between the begin-
ning of the stimulus and the first ‘kroo’ response.
Responses to Campbell’s monkey alarm calls
We ran a second series of analyses, analogous to the previ-
ous ones, this time with the male Campbell’s monkeys alarm 
calls as playback stimuli (‘hok’, ‘krak’ and ‘boom’). We con-
trolled for variations within each playback type (i.e., number 
of calls, intermediate intervals; Online Resource, Table S1) 
by using generalised linear mixed models (GLMMs) with 
GLMM1-GLMM5 corresponding to previous GLM1 to 5, 
with the same distributions and response variables, respec-
tively. We used the Campbell’s monkey alarm call playbacks 
(‘hok’/ ‘krak’/ ‘boom’) as test variables and the playback 
variation as random factor for all GLMMs. To prevent a 
singular model fit in GLMM1, we used the bglmer function 
of the ‘blme’ R package version 1.0–5 (Chung et al. 2013) 
with a null covariance prior and a normal fixed effect prior.
For all GLMs and GLMMs, the significance of the tested 
variables was established using the Anova function in the 
‘car’ R package version 3.0–10 (Fox and Weisberg 2019). 
When the interaction between the type of danger and the 
Campbell’s monkey vocal response (for the GLMs) or the 
Campbell’s monkey alarm playbacks (for the GLMMs) was 
significant, we carried out Tukey post hoc multiple com-
parison tests using the function glht of the ‘multcomp’ R 
package version 1.4–15 (Hothorn et al. 2008) to see which 
combinations were significantly different from each other. 
Model assumptions were checked using Q-Q and residual 
plots.




Male lesser spot-nosed monkeys produced three distinct 
calls, ‘kroo’, ‘tcha’ and ‘kow’, and the pDFA1 confirmed that 
the calls could be reliably classified using our set of acoustic 
parameters (N = 772 ‘kroos’, N = 50 ‘tchas’, N = 54 ‘kows’, 
p = 0.002, correctly cross-classified = 77%, expected = 35%; 
Fig. 1). However, we found no pDFA evidence for inter-
individual acoustic variation in ‘kroo’ production (pDFA2, 
N = 204 ‘kroos’ over N = 6 males lesser spot-nosed mon-
keys, p = 0.52). We also found no pDFA evidence for con-
text-specific acoustic variation, regardless of the type of 
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danger (leopard/eagle/falling tree; pDFA3; N = 345 ‘kroos’, 
p = 0.55; Fig. 2).
Responses to dangers
We ran N = 65 playback trials on lesser spot-nosed monkey 
groups to investigate how males used their calls (i.e., ‘kroo’ 
and combined ‘tcha-kow’ calls) in response to common dan-
gers (eagle: N = 19; leopard: N = 31; falling trees: N = 15). 
We found that, if Campbell’s monkeys did not alarm call 
first, males only produced ‘kroos’, regardless of the type of 
simulated danger (Fig. 3a). Conversely, if Campbell’s mon-
keys gave alarm calls first, males produced either ‘kroos’ to 
all three dangers or ‘tcha-kows’ to eagles and falling trees 
and exceptionally both ‘kroos’ and ‘tcha-kows’ to falling 
trees (Fig. 3a).
Generally, we found that calling responses were only 
weakly affected by the type of danger, but strongly by the 
alarm calling behaviour of associated Campbell’s monkeys. 
In particular, the overall probability of calling (‘kroo’ or 
‘tcha-kow’) was significantly affected by the interaction 
between the type of danger (i.e., eagle, leopard, falling tree) 
and Campbell’s monkey alarm calling (i.e., whether they 
called or not) (GLM1: ANOVA:  Chi2 = 15.379, p < 0.001; 
Fig. 3a). Post hoc pairwise comparisons did not show a sig-
nificant difference between the different combinations of 
contexts (see Online Resource 1, Table S5). The type of the 
first call produced was not affected by the type of danger but 
by whether or not there was prior Campbell’s monkey alarm 
Fig. 1  Male lesser spot-nosed 
monkey ‘kroo’ (yellow), ‘tcha’ 
(pink) and ‘kow’ (blue) calls, 
plotted in principal compo-
nent space with correspond-
ing spectrograms. PC1 and 
PC2 accounted for 57.4% of 
variance. Principal compo-
nent analyses were calculated 
with PCA function from the 
‘FactoMineR’ R package 2.3 
(Lê et al. 2008); spectrograms 
were extracted from Raven Pro 
































Fig. 2  Male Campbell’s and 
lesser spot-nosed monkey alarm 
calls to eagles, leopards and 
falling trees, plotted in principal 
component space. PC1 and 
PC2 accounted for 63.5% of 
variance and segregate the three 
Campbell’s monkey alarm calls, 
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calling (GLM2, ANOVA:  Chi2 = 6.87, p = 0.009; Fig. 3b). In 
particular, ‘tcha-kows’ were produced only after Campbell’s 
monkey alarm calls.
Similarly, when analysing ‘kroo’ production efforts, we 
found no effect of the type of danger but a clear effect of 
Campbell’s monkey alarm calling on the number of ‘kroos’ 
produced, the rate of the three first ‘kroos’ and the response 
latency between the start of the stimulus and the first 
‘kroo’ (N ‘kroo’: GLM3, ANOVA:  Chi2 = 5.262, p = 0.022, 
Fig. 3c; initial ‘kroo’ rate: GLM4, ANOVA:  Chi2 = 4.990, 
p = 0.026, Fig. 3d; ‘kroo’ response latency: GLM5, ANOVA: 
 Chi2 = 18.498, p < 0.001; Fig. 3e).
Responses to Campbell’s monkey alarm calls
In the second experiment, we carried out N = 45 tri-
als to investigate how male  lesser spot-nosed monkeys 
used their calls in response to Campbell’s monkey alarm 
calls to eagles (‘hok’, N = 11), leopards (‘krak’, N = 14) 
and non-predatory dangers (‘boom’, N = 20). Again, we 
found that the type of Campbell’s monkey alarm calls did 
not affect the overall call response probability (GLMM1, 
ANOVA:  Chi2 = 5.335, p = 0.069; Fig. 4a) although it did 
affect the type of first call produced (GLMM2, ANOVA: 
 Chi2 = 12.894, p = 0.002; Fig. 4b). In particular, to Camp-
bell’s monkey ‘booms’, male lesser spot-nosed monkeys 
produced mostly ‘tcha-kows’ whereas, to Campbell’s 
monkey ‘hoks’ or ‘kraks’, they uniformly responded with 
‘kroos’ (pairwise post hoc comparisons ‘boom’ vs. ‘hok’: 
ß = 4.367, SE = 1.293, Z = 3.377, p = 0.002; ‘boom’ vs. 
‘krak’: ß = 5.245, SE = 2.061, Z = 2.544, p = 0.028; ‘hok’ 
vs.’krak’; ß =  − 0.878, SE = 1.910, Z =  − 0.460, p = 0.887).
The ‘kroo’ production effort to the three Campbell’s 
monkey alarm calls varied in number of ‘kroo’ produced 



















































































































































Fig. 3  Male lesser spot-nosed monkey a call production, b first 
call produced, c number of ‘kroo’ produced, d initial rate of ‘kroo’ 
production and e response latency to the first ‘kroo’ produced, in 
response to eagle, leopard and falling tree playbacks and depending 
on the alarm calling behaviour of associated male Campbell’s mon-
keys. Boxes show the inter quartile range, with the central line depict-
ing the median, the whiskers indicating quantiles (0.025 and 0.975) 
and outliers
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(GLMM3, ANOVA:  Chi2 = 7.837, p = 0.020; post hoc 
comparisons ‘hok’ vs. ‘boom’: ß =  − 1.686, SE = 0.606, 
Z =  − 2.783, p = 0.014; ‘krak’ vs. ‘boom’: ß =  − 1.486, 
SE = 0.654, Z =  − 2.274, p = 0.058; ‘hok’ vs. ‘krak’: 
ß =  − 0.199, SE = 0.452, Z =  − 0.441, p = 0.897; Fig. 4c) 
but not in the initial ‘kroo’ rate (GLMM4, ANOVA: 
 Chi2 = 2.114, p = 0.146) nor in the ‘kroo’ response latency 
(GLMM5, ANOVA:  Chi2 = 5.291, p = 0.071).
Finally, we observed that when lesser spot-nosed mon-
keys produced ‘tcha-kows’ in response to Campbell’s mon-
key ‘booms’, they consistently replied with a 10 s latency 
(mean = 10.0 s, SD =  ± 1.06 s) following the first ‘boom’. 
In 54.5% of the trials (N = 11), males produced a second 
‘tcha-kow’ (mean time interval between the two ‘tcha-
kow’ = 0.27 s, SD =  ± 0.23 s).
Discussion
In this study, we investigated the alarm call system of lesser 
spot-nosed monkeys and the influence of Campbell’s mon-
key vocal behaviour. Lesser spot-nosed and Campbell’s mon-
keys form robust mix-species associations, forage mainly 
in the lower canopy and have the same social organisation 
(McGraw and Rowe 1996; Buzzard 2006, 2010; McGraw 
et al. 2007; Daegling 2020). We first established the male 
Fig. 4  Male lesser spot-nosed 
monkey a call production, b 
first call produced and c number 
of ‘kroo’ produced, in response 
to male Campbell’s monkey 
alarm calls playbacks (with 
associated contexts of produc-
tion). Boxes show the inter 
quartile range, with the central 
line depicting the median, the 
whiskers indicating quantiles 
(0.025 and 0.975) and outliers. 
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lesser spot-nosed monkey call repertoire when encountering 
three types of danger (eagle, leopard and falling tree) and 
corresponding Campbell’s monkey alarm call, and identified 
three call types, ‘kroo’, ‘tcha’ and ‘kow’, the latter mainly 
produced as combinations (‘tcha-kow’; see Oates (1985) for 
alternative terminology). In playback experiments, we estab-
lished that ‘kroos’ were given to any type of danger (eagles, 
leopards, falling trees) and also to male Campbell’s monkey 
predator-specific alarm calls (‘hok’, ‘krak’), but not to their 
calls produced in non-predatory contexts (‘boom’), suggest-
ing that ‘kroos’ are equal to the ‘purring’ call reported by 
Rowe (1996).
We found no evidence for predator-specific differences 
in ‘kroo’ calling efforts, suggesting that ‘kroo’ production 
is unaffected by predator type. Equally surprising was the 
fact that we failed to find any evidence for acoustic vari-
ants within the ‘kroo’ call, neither in terms of predator-
specificity nor in terms of individual identity. This was also 
found experimentally when we simulated danger with male 
Campbell’s monkey context-specific alarm calls. Again, 
male lesser spot-nosed monkeys responded uniformly by 
producing ‘kroos’, regardless of alarm call types, and ‘tcha-
kows’ after Campbell’s monkey ‘booms’. This result is in 
contrast with most primate species that have been investi-
gated so far in similar ways (e.g., Diana monkeys, Zuber-
bühler et al. 1997; Campbell’s monkeys, Zuberbühler 2001; 
tamarins, Kirchhof and Hammerschmidt 2006; vervet mon-
keys, Seyfarth et al. 1980; titi monkeys, Berthet et al. 2018; 
tufted capuchin monkeys (Sapajus paella), Wheeler 2010; 
blue monkeys, Mielke and Zuberbühler 2013; putty-nosed 
monkeys, Price et al. 2009; green monkeys (Chlorocebus 
sabaeus), Price and Fischer 2014) and requires explanation.
‘Kroo’ calls as general alarms
Lesser spot-nosed monkeys produce ‘kroo’ calls to a variety 
of dangers and thus qualify as general alarm or alert calls 
(Dezecache and Berthet 2018). General alarm calls have 
already been described for other primate and non-primate 
species, such as Gunnison’s prairie dogs (Cynomys gunni-
soni) ‘bark’ calls for different predator types (Loughry et al. 
2019) or woolly monkey (Lagothrix lagothricha) ‘eolk’ calls 
to predatory and non-predatory disturbances (Casamitjana 
2002). Different functional explanations have been offered 
for general alarm calls (Dezecache and Berthet 2018), such 
as providing callers with the option to create a semantic 
contrast to predator-specific alarm calls, typically aerial 
alarm calls (e.g., dwarf mongoose (Helogale parvula), Col-
lier et al. 2020; putty-nosed monkeys, Price et al. 2009), or 
to issue a behavioural imperative (e.g., ‘hide!’) to warn other 
group members or, in exceptional cases, deceptively, to gain 
access to food (Flower et al. 2014).
In our study, we did not find any evidence for predator-
specific alarm calls. Instead, lesser spot-nosed monkeys used 
the same alarm call type, ‘kroo’, to any type of danger with 
only one further (combined) call, ‘tcha-kow’, given mainly 
in response to Campbell’s monkey calls produced in non-
predatory contexts, ‘boom’ calls (Fig. 3a, b). In sum, lesser 
spot-nosed monkeys appear to have an alarm call system 
with a rather limited semantic capacity, not able to distin-
guish between predatory and non-predatory disturbances or 
event categories. Another possibility could be Dezecache 
and Berthet’s imperative hypothesis (2018), i.e., that ‘kroo’ 
calls function as instructions to other group members (e.g., 
‘look around!’). In any case, more detailed behavioural 
observations are needed to understand the mechanisms of 
call production and receivers perception, ideally also from 
other study populations.
It is also possible that our acoustic analyses were simply 
not fine-scaled enough to pick up acoustic variation related 
to the event. If this was the case, our analyses demonstrate 
that acoustic variation in this species’ alarm calls would 
be considerably more subtle compared to what is normally 
seen in primate alarm calling (Fig. 2), especially regarding 
eagle alarms (Gautier and Gautier 1977). In order to address 
this hypothesis, it would be necessary to carry out playback 
experiments, to test whether recipients react differently to 
calls recorded to different predator types (e.g., Zuberbühler 
2000). Furthermore, acoustic variations in alarm calls might 
not be associated with the type of danger but rather with 
other contextually relevant cues, such as predator behaviours 
(e.g., Griesser 2008), sizes (e.g., Templeton 2005), colours 
(Slobodchikoff et al. 2009), attack directions (e.g., Berthet 
et al. 2019) or response urgencies (e.g., Lemasson et al. 
2010; Townsend et al. 2012; Murphy et al. 2013). Finally, 
and although we consider this also unlikely, future research 
should verify if any of the above information is encoded at 
the sequence level, similar to what has been described for 
Guereza colobus monkeys (Colobus guereza, Schel et al. 
2010).
Eavesdropping and mixed‑species associations 
between lesser spot‑nosed and Campbell’s monkeys
A second major finding of this study was that lesser spot-
nosed monkey alarm calling was heavily influenced by 
Campbell’s monkeys. For the ‘kroo’, the general pattern was 
that, if a male Campbell’s monkey called, the male lesser 
spot-nosed monkey reduced his own calling efforts com-
pared to when Campbell’s monkeys did not call. The influ-
ence of male Campbell’s monkeys was even more striking 
when analysing ‘tcha-kow’ call production. Here, our results 
showed that this call type was produced, in almost all cases, 
about 10 s after the first Campbell’s monkey ‘boom’ call and 
hardly ever in other situations.
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As mentioned, lesser spot-nosed monkeys spend most of 
their time in mixed-species associations with other primates, 
mostly Campbell’s monkeys. Such associations can provide 
predator avoidance and foraging advantages (Stensland et al. 
2003) and vocal behaviour is a key mediator of any such 
benefits (Magrath et al. 2015). As proposed by Goodale et al. 
(2010), conspicuous vocal behaviour by one species can 
serve as a driving force in the formation or maintenance of 
mixed-species groups. For instance, in mixed-species groups 
of tamarins, the long calls of one species can cause vocal 
responses and approaches by the other (Windfelder 2001), 
suggesting that these calls could function to recruit hetero-
specifics (Goodale et al. 2020).
Interspecies call recognition has mostly been stud-
ied with alarm calls (for review, see Magrath et al. 2015, 
2020). The process is best referred to as ‘eavesdropping’, 
by which one species extracts information from another 
species’ vocal behaviour and then reacts appropriately, 
mostly in the context of predator avoidance and foraging 
(Goodale et al. 2010). Eavesdropping is widespread with a 
large body of evidence in primates (Zuberbühler et al. 1997; 
Ramakrishnan and Coss 2000; Fichtel 2008; Walton and 
Kershenbaum 2019) but also in birds ( Fallow and Magrath 
2010; Dawson Pell et al. 2018; Keen et al. 2020) and even 
reptiles. For example, non-vocal iguanas (Amblyrhynchus 
cristatus and Oplurus cuvieri) can discriminate mockingbird 
(Nesomimus parvulus) and paradise flycatcher (Terpsiphone 
mutate) alarm calls (Ito and Mori 2010; Vitousek et al. 
2007). However, in many species, eavesdropping individu-
als respond with their own alarm calls to the calls of another 
species (Shriner 1998; Ramakrishnan and Coss 2000; Zuber-
bühler 2000; Rainey et al. 2004; Slater et al. 2004).
In our study, results suggest that lesser spot-nosed mon-
keys discriminated Campbell’s monkey alarm calls, as males 
responded with ‘kroos’ to male Campbell’s monkey eagle 
and leopard alarm calls and ‘tcha-kows’ to Campbell’s 
monkey ‘booms’. However, whether they also discrimi-
nated Campbell’s monkey eagle (‘hok’) and leopard alarms 
(‘krak’) as predator-specific alarm calls cannot be decided 
by our data. Nevertheless, we found that lesser spot-nosed 
monkey calling efforts decreased if Campbell’s monkeys 
alarm called compared to when they did not call. Overall, 
these calling patterns are compatible with the hypotheses 
that lesser spot-nosed monkeys benefit from an associated 
species to minimize their own exposure to predators by 
eavesdropping on their alarm calls.
The large majority of ‘tcha-kows’ were produced immedi-
ately after Campbell’s monkey ‘boom’ calls, and only rarely 
after situations that elicited the ‘boom’ calls (i.e., mostly 
falling trees), suggesting that the calls did not primarily 
function to refer to a type of danger. Instead, we see two 
possible explanations. First, ‘tcha-kows’ were produced to 
secure associations with Campbell’s monkeys. Both species 
form strong, semi-permanent associations (Buzzard 2010) 
and male calls function to mediate such relationships. Sec-
ond, ‘tcha-kows’ were used as territorial defence to warn 
rival males and produced to benefit from the attention raised 
by the preceding Campbell’s monkey ‘booms’, which travel 
over considerable distances (Zuberbühler 2004; McGraw 
et al. 2007). Moreover, if predators are attracted by such 
male loud calls, then male lesser spot-nosed monkeys can 
reduce the number of such events, by aligning their own 
calls with the calling of associated Campbell’s monkeys, 
rather than calling independently. Further studies focusing 
on receiver and predator behaviour is needed to learn how 
they react to ‘tcha-kow’ calls with or without preceding 
Campbell’s monkey ‘boom’ calls.
Limitations of playback experiments
Our study was based on a well-tried paradigm, simulating 
predator presence with acoustic cues. This approach is espe-
cially effective for species living in dense forest habitats, 
where individuals rely heavily on auditory information to 
learn about ongoing events in their vicinity. Although we 
have managed to collect samples from a large  50km2 area of 
Taï National Park, our final sample size for each of the vari-
ous conditions was relatively small, due to the difficulty of 
obtaining high quality and statistically independent record-
ings, a clear limitation to this study. In addition, playbacks 
are an incomplete way of investigating the mechanisms and 
function of animal vocal behaviour, unless they are comple-
mented with careful, long-term behavioural observations. 
Also, simulating predator presence by acoustic means is 
suboptimal because the critical predator information is pro-
vided to everyone at the same time, which arguably makes 
warning others obsolete. Complementary experiments with 
realistic visual predator models would be needed to see if 
patterns change when predator information is administered 
individually.
Conclusions
We have analysed the alarm call behaviour of male 
lesser spot-nosed monkeys, a West African forest guenon 
exposed to high predation pressure from different preda-
tors. Contrary to the alarm systems of other Cercopithecus 
monkeys living in similar environments, we found no evi-
dence for predator-specific alarm calls in this species. 
Instead, we found evidence for a general alarm call, ‘kroo’, 
given to all types of dangers (eagles, leopards and falling 
trees) and a more specialized call, ‘tcha-kow’, given pre-
sumably to form mix-group associations with Campbell’s 
monkeys and possibly to repel sexual rivals. For both 
call types, production was heavily influenced by the call-
ing behaviour of associated Campbell’s monkeys, with a 
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reduction of the ‘kroo’ calling effort when associated male 
Campbell’s monkeys produced their own alarm calls and 
a temporarily tight, duet-like production of ‘tcha-kows’ 
in response to Campbell’s monkey ‘boom’ calls. We con-
cluded that male lesser spot-nosed monkeys adjust their 
call production presumably to reduce their own exposure 
to predators by eavesdropping on Campbell’s monkeys and 
to secure mixed-species association.
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